Coordination between structural and physiological traits is key to plants' responses to 27 environmental fluctuations. In heterobaric leaves, bundle sheath extensions (BSEs) increase 28 photosynthetic performance (light-saturated rates of photosynthesis, A max ) and water transport 29 capacity (leaf hydraulic conductance, K leaf ). However, it is not clear how BSEs affect these and 30 other leaf developmental and physiological parameters in response to environmental conditions. 31
Introduction 56
Leaves are the evolutionary solution to maximize light capture and optimize CO 2 and 57 water vapour exchange with the atmosphere in land plants. Leaf biochemistry and structure are, 58 therefore, strongly coordinated with photosynthetic performance and hydraulic function. 59
Whereas such coordination is of paramount importance for plant growth and ecological 60 distribution (Nicotra et al. 2008; Nicotra et al. 2011) , it also requires a degree of developmental 61 leaf water transport, and they are most likely responsible for the high dependence of K leaf on 92 temperature and irradiance (Leegood 2008; Ohtsuka et al. 2018) . Vertical layers of colorless 93 cells connecting the vascular bundle to the epidermis are present in many eudicotyledons (Esau 94 1977) . These so-called bundle sheath extensions (BSEs) are most commonly found in minor 95
veins, but can occur in veins of any order depending on the species (Wylie 1943; Wylie 1952) . A 96 topological consequence of the presence of BSEs is the formation of compartments in the 97 lamina, which restricts lateral gas flow and thus allows compartments to maintain gas exchange 98 rates independent of one another (Pieruschka, lacking BSEs (Neger 1918) . 102 Large taxonomic surveys have demonstrated that heterobaric species tend to occur more 103 frequently in sunny and dry sites or in the upper stories of climax forests (Kenzo et al. 2007 ), so 104 it was hypothesized that BSEs could fulfill an ecological role by affecting mechanical and 105 physiological parameters in the leaf (Terashima 1992 ). Despite some proposed functions for 106
BSEs (mechanical support, increased damage resistance, among others) remain hypothetical 107 Nikolopoulos et al. 2002) . 117 We have previously characterized a homobaric mutant that lacks BSEs in the otherwise 118 heterobaric species tomato (Solanum lycopersicum L.) (Zsögön et al. 2015) . The homobaric 119 mutant obscuravenosa (obv) reduces K leaf and stomatal conductance but does not impact A max , 120 nor global carbon economy of the plant. Here, we extend our observations to plants grown under 121 two contrasting irradiance levels, which are known to influence leaf structure (Oguchi et (Scoffoni et al. 2008 ; Guyot et al. 2012 ; Scoffoni et al. 2015) . We investigated whether the 124 presence of BSEs could have an impact on the highly plastic nature of leaf development and 125 function in response to different irradiance levels. We hypothesized that homobaric leaves, 126 lacking a key physical feature that increases carbon assimilation and leaf hydraulic integration, 127 would exhibit less plasticity in their response to environmental conditions than heterobaric 128 leaves. By assessing a series of leaf structural and physiological parameters in tomato cultivar 129
Micro-Tom (MT) and the near-isogenic obv mutant, we provide evidence of the potential role of 130
BSEs in the coordination of leaf structure and hydraulics in response to growth irradiance. 131
Finally, we analysed whether dry mass accumulation and tomato fruit yield are affected by the 132 presence of BSEs and irradiance in two different tomato genetic backgrounds (cultivars MT and 133 M82). We discuss the potential role of BSEs in the coordination of leaf structure and function in 134 response to the light environment. 135
136

Materials and Methods 137
Plant material and experimental setup 138
Seeds of the tomato (Solanum lycopersicum L.) cv Micro-Tom (MT) and cv M82 were 139 donated by Dr Avram Levy (Weizmann Institute of Science, Israel) and the Tomato Genetics 140
Resource Center (TGRC, Davis, University of California, CA, USA), respectively. The 141 introgression of the obscuravenosa (obv) into the MT genetic background to generate a near-142 isogenic line (NIL) was described previously (Carvalho et al. 2011 
Light microscopy analyses 176
The fully expanded fifth leaf was cleared with 95% methanol for 48h followed by 100% 177 lactic acid. Stomatal pore area index (SPI) was calculated as (guard cell length) 2 × stomatal 178 density for the adaxial and abaxial epidermes and then added up (Sack et al. 2003 Mesophyll surface area exposed to intercellular air spaces per leaf area (S mes /S) was 192 calculated separately for spongy and palisade tissues as described by Evans et al. (1994) . To 193 convert the length in cross-sections to the surface area, a curvature correction factor was 194 measured and calculated for each treatment according to Thain (1983) . g m is defined as a gas-phase 212 conductance, and thus H/(RT k ), the dimensionless form of Henry's law constant, is needed to 213 convert g liq to corresponding gas-phase equivalent conductance (Niinemets & Reichstein 2003) . 214
In the model, the gas-phase conductance (and the reciprocal term, r ias ) is determined by average 215 gas-phase thickness, used the partial determinants of the liquid-phase diffusion pathway described in Berghuijs et al. 230 (2015) . In addition, S mes /S, a major determinant of g liq , was measured in this study. Total liquid-231 phase diffusion was scaled by the S mes /S as there was little cell wall area free of chloroplasts 232 ( Figure S3 ) reflecting a ratio between chloroplast and mesophyll area exposed to intercellular 233 airspaces (S c /S mes ) very close to 1.0 as also observed by Galmés et al. (2013 to be in equilibrium with the petiole water potential. The non-transpiring leaflet consisted of the 283 lateral leaflet of the same leaf, which was covered with plastic film and foil the night before the 284 measurements. Apparent hydraulic conductance (K leaf ) were estimated using the transpiration 285 rates and the water potential difference between the transpiring and non-transpiring leaflet 286 according to Ohm's law: 287
Where: E is the transpiration rate (mmol m -2 s -1 ) determined during gas exchange measurements, 289 and (Ψ L − Ψ X ) corresponds to the pressure gradient between the transpiring and non-transpiring 290 leaflet (MPa). Water potential and hydraulic conductance measurements were performed 291 immediately after gas exchange analysis. 292
Biochemical determinations 293
Biochemical analyses of the leaves were performed in MT and M82 plants 40 and 50 294 days after germination, respectively. The terminal leaflet of the sixth fully expanded leaf was 295 collected around midday on a cloudless day, instantly frozen in liquid N 2 and stored at −80°C. 296 Subsequently, the samples were lyophilized at −48°C and macerated with the aid of metal beads 297 in a Mini-Beadbeater-96 type cell disrupter (Biospec Products, Bartlesville, OK, USA). A 10-mg 298 sample of ground tissue was added to pure methanol (700 µL), and the mixture was incubated at 299 70 °C for 30 min followed by a centrifugation (16,200 × g, 5 min). Supernatant was placed in 300 new tubes in which was added chloroform and ultrapure water (375 µL and 600 µL, 301 respectively). After new centrifugation (10,000 × g, 10 min), the concentrations of hexoses 302 (glucose plus fructose) and sucrose were determined in the aqueous phase by a three step 303 reaction in which hexokinase, phosphoglucose isomerase and invertase (Sigma Aldrich) were 304 subsequently added to a reaction buffer containing ATP, NADH and glucose dehydrogenase 305 
Agronomic parameters (yield and Brix) 317
The number of fruits per plant was obtained from fruit counts and the frequency of green 318 and mature fruits was also determined separately. Fruit average weight was determined after 319 individual weighing of each fruit, using a semi analytical balance with a sensitivity of 0.01 g 320 
Statistical analysis 326
The data were subjected to analysis of variance (ANOVA) using Assistat version 7.6 327 (http://assistat.com) and the means were compared by the Tukey test at the 5% level of 328 significance (P≤ 0.05). 329
330
Results
331
This study was performed on two tomato genetic backgrounds, cultivars Micro-Tom 332 (MT) and M82, and their respective obscuravenosa (obv) mutant near-isogenic lines (NILs). 333
First, we conducted a microscopic analysis of terminal leaflet cross-sections to confirm that, like 334 all wild-type tomatoes and its wild relatives, MT harbors bundle sheath extensions (BSEs) in 335 primary (i.e. midrib) and secondary veins of fully-expanded leaves (Fig. 1a) . The obv mutant, on 336 the other hand, lacks these structures, so that the veins appear obscure (hence the name of the 337 genotype) (Fig. 1b) . Chlorophyll fluorescence imaging revealed that this optical effect is due to 338 the continuity of the palisade mesophyll on the adaxial side, and of the spongy mesophyll on the 339 abaxial side in obv, which are both interrupted by BSEs in MT (Fig. 1c,d ). The BSEs protrude 340 toward the adaxial epidermis as columns of possibly parenchymatic or collenchymatic cells with 341 thickened cell walls, whereas they thicken downward and are broadly based upon the lower 342 epidermis (Fig. 1e-h ). We next conducted a water + dye infiltration assay in the lamina, proving 343 that, under similar pressure, intercellular spaces of the obv mutant were flooded almost twice 344 (86.1% vs 47.3%, P=0.012) as much as for MT (Fig. S1 ). Dry patches were observed in MT, 345 which shows that the presence of BSEs in secondary veins creates physically isolated 346 compartments in the lamina (Fig. S1 ). We therefore follow the established nomenclature of 347 'heterobaric' for MT and 'homobaric' for obv. 348
Irradiance level alters leaf shape and structural parameters differentially in heterobaric and 349
homobaric leaves 350
We began by conducting an analysis of leaflet shape between the treatments. A Principal 351
Component Analysis (PCA) on harmonic coefficients contributing to symmetric shape variation 352 separates MT and obv genotypes, but failed to show large differences in shape attributable to 353 light treatment (Fig 2a) . To visualize the effects of genotype and light, we superimposed mean 354 leaflet shapes from each genotype-light combination (Fig 2b) . obv imparts a wider leaflet shape 355 relative to MT, regardless of light treatment. Light treatment did not discernibly affect leaflet 356 shape. 357
Sun leaves had reduced total specific leaf area (SLA) compared to shade leaves in both 358
MT and the obv mutant (Fig 2c) . Shading increased SLA values by 101% and 62% for MT and 359 obv plants, respectively, when compared to plants in the sun treatment. Terminal leaflets of fully 360 expanded MT sun leaves had 62% higher perimeter/area than MT shade leaves, unlike obv where 361 we found no difference between irradiance levels (Fig 2d) . Perimeter 2 /area, which, unlike 362 perimeter/area is a dimensionless measure of leaf shape (and, therefore, does not inherently scale 363 with size), was strongly dependent on genotype and not influenced by irradiance (Fig 2e) . 364 365
Growth irradiance alters leaf hydraulic conductance in heterobaric but not in homobaric leaves 366 in different tomato genetic backgrounds 367
Leaf hydraulic conductance (K leaf ) is a key parameter determining plant water relations, 368
as it usually scales up to the whole plant level (Sack & Holbrook 2006 (Fig 3a,b) . Homobaric and heterobaric leaves in the 371 M82 tomato background (Fig 3c) , showed a similar leaf vein phenotype as in MT (Fig 3d)  372 showed consistently similar results, where shade leaves had 36% lower K leaf than sun leaves 373 (18.72 ± 0.59 vs 29.6 ± 2.1 mmol H 2 O m -2 s -1 MPa -1 ) (Fig 3d) . (Fig 3b,e) . The results were consistent between 377 tomato backgrounds, even though both cultivars differ markedly in leaf lamina size and other 378 leaf structural parameters. 379 380
Shading reduces stomatal conductance in heterobaric leaves, whereas homobaric leaves 381 maintain similarly low values under both conditions 382
Previous work has suggested that BSEs could influence photosynthetic assimilation rate 383 (A) by increasing light transmission within the mesophyll (Karabourniotis et al. 2000) . To 384 ascertain whether this was the case in our genotypes, we determined photosynthetic light 385 response curves on fully expanded terminal leaflets attached to plants growing in the greenhouse 386 under sun or shade treatments (Fig S1) . Although no statistical differences were found in the 387 light response of A between heterobaric MT and homobaric obv plants (Fig S1) , the light 388 saturation point (I s ) was lower in shade obv than in the other treatments (Table S1) respective drop between sun and shade plants the same parameters was 10.0%, 7.0% and 6.0% 396 respectively (Table 2) . 397
The hyperbolic relationship between A and g s measured at ambient CO 2 was not altered 398 by irradiance level (Fig 4a, b) . The lower limit for g s values was remarkably similar between 399 genotypes in both light conditions (~0.2 mol m -2 s -1 ). A 30% decrease in g s with a concomitant 400 limitation to A was observed in shade MT (Table 2) ,. In the obv mutant, g s was lower in the sun 401 (similar value to shade MT) and remained essentially unchanged by shading, as did A. The A/g s 402 ratio, or intrinsic water-use efficiency (WUE i ), was therefore higher in homobaric obv plants 403 than in heterobaric MT under both irradiance levels (Table 2) . A similar, although not 404 statistically significant difference (possibly owing to the lower number or replicates, n=5) was 405 found in M82 (Fig S2) . Dark respiration was not affected by genotype or irradiance level (Table  406 2). The chlorophyll fluorescence analyses revealed a higher quantum yield of photosystem II 407 photochemistry (ΦPSII) and electron transport rate (ETR) in homobaric obv plants grown in the 408 sun than in all other treatments. No differences between treatments were found in the 409 photochemical and non-photochemical quenching (Table S4) . 410
Stomatal Pore Area Index is altered by irradiance in heterobaric but not homobaric leaves 412
Stomatal conductance (g s ) is influenced by the maximum stomatal conductance (g max (Fig 4c) , compared to all the other treatments.. Guard cell 418 length, which is linearly related to the assumed maximum stomatal pore radius, was greater in 419 obv than in MT and was not affected by the irradiance levels (Fig 4d) . Thus, the main driver of 420 the difference in SPI was stomatal density, particularly on the abaxial side, which represents a 421 quantitatively large contribution (Fig 4e) . Adaxial stomatal density was reduced in the shade in 422 both genotypes, with no differences between them within irradiance levels (Fig 4f) . 423
424
Minor vein density, modelled mesophyll conductance to CO 2 and carbon isotope discrimination 425
are differentially altered by irradiance levels in heterobaric and homobaric leaves 426
Leaf lamina thickness was reduced by shading in both genotypes, with no difference 427 between them (Fig 5) . These results are in good agreement with the reduced specific leaf area 428 (SLA) in shade-grown plants (Fig 1c) . The palisade to spongy mesophyll thickness ratio was 429 increased by shading, independently of genotype (Fig 5c) . Thickness of the abaxial epidermis, a 430 proxy for stomatal depth, did not vary in MT between irradiance levels, but was reduced in 431 shaded obv plants (Fig 5d) . Intercellular air spaces in the lamina comprised close to 10% of the 432 cross-sectional area in MT and obv plants grown in the sun, but when plants were grown in the 433 shade, it was increased to 12% in MT and 17% in obv (Fig 5e) . As venation is a key trait that 434 influences water distribution in the lamina, we assessed minor vein density (tertiary and higher 435 orders) and observed a genotype×irradiance interaction (Fig 5b) . Vein density was reduced in 436 both genotypes by shading, but more strongly in MT than in obv (Fig 5f) . 437 We next used anatomical data (Fig S3) to estimate mesophyll conductance to CO 2 (g m ), a 438 key parameter linking leaf hydraulics, photosynthetic function and leaf anatomy (Flexas et al. 439 2013; Tomás et al. 2013 ). Our estimates suggest that the lack of BSEs significantly altered the 440 value of g m in response to shading, whereas the genotypes did not vary significantly for this 441 parameter when grown in the sun (Table 3) . As a way to validate our results, and also due to its 442 intrinsic interest as a proxy for C i /C a (the ratio of CO 2 concentration inside and outside the leaf) 443 (Condon et al. 2004) , we next determined carbon isotope composition (δ 13 C) in leaves from the 444 same plants used for the anatomy and gas exchange measurements (Table S2 ). The obv mutation 445 had a differential effect on carbon isotope discrimination (Δ 13 C), a parameter that is linearly and 446 negatively correlated to long-term water-use efficiency (WUE) of plants. Whereas the presence 447 of the obv mutation increased Δ 13 C in the sun (thus, decreased WUE), it had the opposite effect 448 in the shade [lower Δ 13 C and higher WUE (Fig S4)] . 449
450
Carbohydrate and pigment contents in heterobaric and homobaric leaves under different 451 irradiance 452
We assessed a basic set of compounds related to primary cell metabolism in MT and obv 453 under both sun and shade conditions, along with photosynthetic pigments (Table S3) . As 454 expected, carbohydrate concentrations were strongly influenced by irradiance level (Table S3) . 455
Shading promoted a decrease in starch content in both genotypes, but of a considerable greater 456 magnitude in MT (-45.0%) than in obv (-28.5%) compared to sun plants (Table S3 ). Glucose and 457 fructose were increased in the shade, with no difference between genotypes. The chlorophyll a/b 458 ratio was similar for all plants. A slight increase in carotenoid levels was found in obv shade 459 plants (Table S4) . 460
461
Morphological and physiological differences between heterobaric and homobaric plant grown 462 under different irradiances do not affect dry mass accumulation or fruit yield 463
To determine whether the anatomical and physiological differences described above scale 464 up to the whole-plant level and affect carbon economy and agronomic parameters of tomato, we 465 determined dry mass and fruit yield in sun-and shade-grown plants of MT and obv. There was 466 no difference in plant height or in the number of leaves before the first inflorescence, for plants 467 of either genotype in both light intensities (Table 4) . There was a decrease in stem diameter in 468 shade MT and obv plants, compared to sun plants. Leaf insertion angle relative to the stem, 469 however, was steeper in the obv mutant under both irradiance conditions. Different light 470 intensities did not change leaf dry weight, obv plants showed a 24.3% reduction in stem dry 471 weight, 46.4% in root dry weight and 31% in total dry weight when compared to the sun 472 treatment. The results were similar for MT, so no changes in dry mass allocation pattern were 473 discernible between genotypes. Side branching is one of the most common morphological 474 parameters affected by shading (Casal 2013) . A decrease in side branching was found in both 475 genotypes upon shade treatment, with no differences between them (Fig S5) . 476
Vegetative dry mass accumulation was affected solely by irradiance level with no 477 influence of the genotype, and therefore, independent of the presence or absence of BSEs. To 478 ensure that potential differences arising from altered partitioning or allocation of carbon were not 479 overlooked, we also assessed reproductive traits, i.e. parameters related to tomato fruit yield. 480
Average fruit yield per plant was reduced by shading, but did not differ between genotypes 481 within each irradiance condition, in two different tomato genetic backgrounds (MT and M82) 482 (Table S5) We cultivated the plants under contrasting levels of irradiance (sun vs shade) and investigated 497 leaf structure, hydraulics and photosynthetic function. We hypothesized that homobaric leaves, 498 lacking a key physical feature that increases carbon assimilation and leaf hydraulic integration, 499 would exhibit less plasticity than heterobaric leaves in their response to environmental 500 conditions. 501
The presence or absence of BSEs did not affect general leaf morphology in either sun or 502 shade conditions. SLA and leaf shape were altered by irradiance level, but without differences 503 between genotypes. A generally higher photosynthetic capacity has been described for 504 heterobaric species (Inoue et al. 2015) , partially attributed to the optical properties of BSEs that 505 enhance light transmission within the leaf mesophyll (Karabourniotis et al. 2000; Nikolopoulos 506 et al. 2002) . We did not observe such a photosynthetic advantage for heterobaric plants grown in 507 high irradiance, but rather similar A values for both genotypes; indeed, the only difference we 508 found for this genotype was a higher g s which, despite not conferring higher A, might be 509 beneficial in terms of latent heat loss, resulting in an improved thermal balance. Shading, on the 510 other hand, reduced A in heterobaric MT plants, but not in obv. Since g s and V cmax were identical 511 for both treatments, a higher A could be explained by a higher g m , and, consequently, higher 512 chloroplast CO 2 concentration. 513
We found that obv plants in the shade presented a high amount of intercellular air spaces 514 and a high mesophyll surface area exposed to the intercellular air spaces (S mes /S). It seems that 515 the absence of BSEs led to a higher S mes /S as they allowed more space to become available 516 between palisade cells; on the other hand, presence of BSEs would 'push' palisade cells against 517 each other, decreasing their exposure to the intercellular air spaces. An expected outcome of a 518 higher S mes /S is to increase the anatomical g m , as it was the case for the obv plants in the shade 519 (Table S6) . However, our alternative g m estimate (using the Ethier method, which takes into 520 account both anatomical and biochemical g m components) did not indicate any difference among 521 plants (Table S6) whereas the opposite is true in sun conditions. This provides a reasonable working hypothesis to 532 explain the strongly biased ecological distribution of hetero-and homobaric species. 533
The higher incidence of heterobaric species in the canopy of both temperate and tropical 534 forest canopies has been attributed to the effect of BSEs on leaf hydraulic integration (Kenzo et by developmental plasticity altering leaf structural and physiological traits (Scoffoni et al. 2015) . 543 Buckley et al. (2015) found that BSEs increased K leaf by 10%. They found that heterobaric 544 species had 34% higher K leaf , but this must have been due to traits other than BSEs themselves. A large set of leaf physiological and structural traits shift in tandem in response to 552 irradiance (Scoffoni et al. 2015) . Particularly, plants developing under high light present a higher 553 thermal energy load, which is dissipated mainly through leaf transpiration (Martins et al. 2014) . 554
In order to achieve higher transpiration rates, hydraulic supply and demand must be balanced, 555
and vein density and patterning is coordinated with stomatal distribution to optimize resource 556 utilization (Brodribb and Jordan 2011) . Such coordination occurs across vascular plant species, 557 but exactly how veins and stomata "communicate" with each other remains to be elucidated 558 (Carins Murphy et al. 2017) . In this sense, one of the proposed roles of BSEs is to act as a 559 hydraulic linkage route between the vascular bundles and the epidermis, integrating these 560 otherwise separated tissues (Zwieniecki et al. 2007) . Here, we found that the presence of BSEs 561 allowed a highly plastic coordination between veins and stomata, upregulating hydraulic supply 562 and demand under high light (Fig 6) . On the other hand, in genotypes lacking BSEs, the abaxial 563 stomata and vein densities remained unchanged (Fig 6) . At the moment there is no evidence to 564 suggest BSEs are directly responsible for the plasticity in VLA and stomatal pore area index, nor 565 that if they are responsible, it is because of an hydraulic effect on stomata. That seems unlikely, 566
given that stomatal patterning mostly takes place before leaves begin to expand and transpire 567 substantially. More data is needed to address this point. Another potential structural benefit of 568
BSEs would be the provision of mechanical support, acting analogously to a suspension bridge, 569 partially relieving the vein system from such duty and allowing heterobaric leaves greater 570 analyzing the effect of discrete differences in irradiance and thus represents only a starting point 579 to answering this question. The strong plasticity of plant development in response to irradiance 580 (all other conditions being similar) could be the reason why potential economic differences 581 between genotypes were canceled out within a given light environment. It is not possible to rule 582 out that stronger quantitative differences in irradiance levels other than the ones tested here could 583 tilt the phenotypic and fitness scales in favor of one of the leaf designs (i.e. 584 heterobaric/homobaric). Alternatively, other variables (e.g. water and nitrogen availability, 585 ambient CO 2 concentration) and combinations thereof could result in conditions where the 586 difference in leaf structure scales up to the whole plant level. Given the presumed hydraulic 587 benefit of BSEs, situations where the hydraulic system is pushed to the limit (e.g. high 588 evaporative demand) might be useful to maximize the benefit of BSEs. We endeavor to address 589 these questions in the near future. 590 591
Conclusions 592
The presence of BSEs in heterobaric tomato plants is coordinated with plastic variation in 593 both structural and physiological leaf traits under different growth irradiance levels. Irradiance 594 level altered mainly stomata pore index, minor vein density and leaf hydraulic conductance in 595 heterobaric plants and leaf intercellular air spaces, modelled mesophyll conductance and 596 photosynthetic assimilation rate in homobaric plants. This variation, however, allows both 597 genotypes to maintain leaf physiological performance and growth under both irradiance 598 conditions and results in the carbon economy and allocation of either genotype being 599 indistinguishable within each irradiance level. Further insight into this fascinating complexity 600 will come when the genetic basis for BSE development is unveiled. Table 1 . Description of the plant material used in this study. Micro-Tom (MT) and M82 are two tomato cultivars that differ in growth habit due mostly to the presence of a mutant allele of the DWARF gene, which codes for a key enzyme of the brassinosteroid biosynthesis pathway. The molecular identity of OBSCURAVENOSA (OBV) is unknown. MT harbors a functional, dominant allele of OBV, whereas M82 is a mutant (obv 
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Values followed by the same letter were not significantly different by Tukey test at 5% probability. show the presence (MT) and absence (obv) of bundle sheath extensions (BSEs). The BSEs have a columnar nature protruding toward the adaxial epidermis (arrowheads), with thickened cells walls, whereas they thicken downward and are broadly based upon the lower epidermis. Scale bars= 1 cm (leaflets) and 100 µm (midrib and secondary vein). 
